Background
The UK has one of the highest child mortality rates in Western Europe: four in every 1000 children die before the age of one year; compared to two per 1000 children in Finland. Likewise, the mortality rate for 1-14 year olds in the UK is 10.4/100,000 children compared to 8.3/100,000 in Sweden. 1 Since the UK has a universal health care system, and comparable levels of per capita income, as these Scandinavian countries, a substantial proportion of deaths in children in the UK are likely to be preventable. This raises the question of what policies we should prioritise in order to lower child mortality rates in the UK most rapidly. Data on child deaths are crucial to answering this question. In the November issue of Archives, Garstang, 2 in an editorial linked to a paper by Firth et al 3 , argues that a national dataset collated from Child Death Overview Panels (CDOP), will allow us to 'understand better why children die in the UK and reduce our child mortality'. In this commentary, we compare data collected by CDOPs to mortality data collected via linked civil registration and administrative data systems. We propose that important lessons for preventing child deaths can already be drawn from analyses of mortality records linked to other administrative datasets, and at relatively low cost. Targeted use of detailed investigations into the circumstances of child death could be guided by and enhance findings from administrative data but the priority should be greater use and wider linkage of these data to inform strategies to prevent child deaths.
Child Death Overview Panels
There are approximately 4000 deaths in children less than 18 years old in England every year. 4 5 The circumstances of each of these deaths will be reviewed by one of 148 Child Death Overview Panels (CDOPs). A CDOP has 12 panel members on average, who include paediatricians, other clinicians, and professionals from social care, education and criminal justice. 2 6 The aim of CDOPs is to identify modifiable factors that may have prevented a child from dying, and through the review process identify and inform interventions or practices that can prevent future deaths in children. Importantly, local review of deaths can highlight events or practices that should not be happening, irrespective of the need to decide whether the event contributed to causing the death or not. 7 However, CDOPs may be remote from the team who would benefit from experiencing local learning. For example, CDOPs review the 48% of child deaths that occur in the first month of life, 5 despite a finding that half of CDOP paediatricians consider hospital-based reviews more suitable for such early deaths. 8 This detailed review of every death, irrespective of cause, is time consuming for all professionals and administrative staff involved, and therefore costly for financially stretched local authorities. A report into the workings of CDOPs estimated that a panel member spent a median of 5.1 hours reviewing each death, and that each administrative staff member spent 34.7 hours on each death reviewed. 6 Despite the considerable input from highly stretched professionals in the CDOP process, there has been no formal evaluation of whether CDOPs have led to a reduction in child deaths overall, or informed specific interventions that have been effective in reducing deaths from specific causes. An evaluation of confidential enquiries, which uses similar methodology to CDOPs, found no evidence that detailed case reviews reduce mortality at a population level. 9 As Garstang 2 highlights, a key challenge of generating learning for child death prevention through the CDOP process is that although CDOPs have been mandated to collect data from 2008, the Department for Education (DfE), who oversee CDOPs, have not implemented a standardised national data collection system. This is particularly well demonstrated by the data collected by CDOPs on 'modifiable' factors (presumably the key data item collected, given the CDOP remit). 10 This definition appears to be highly open to interpretation by individuals and panels. We agree with Garstang that it is very surprising that only 46% of 101 suicide or deliberate self-harm deaths in children were considered to involve modifiable factors in 2016/17. 11 In contrast, the Office for National Statistics (ONS) considers all deaths from injuries avoidable, using a definition based on International Classification of Diseases (ICD-10) coding. 12 Following a national consultation in 2016, 13 the Healthcare Quality Improvement Partnership commissioned a national child mortality database to collect CDOP data nationally using common data definitions. This is a welcome development, particularly since professional input may be largely wasted unless data are collated nationally. Yet, a fundamental challenge remains: CDOP data will still only represent a case series of deaths without controls. Although a new national CDOP database may include more detailed information about children who died, it will still be impossible to carry out studies to identify risk factors for child deaths without data on children who did not die. These types of studies are crucial in order to inform prevention strategies. This is demonstrated by Frith et al's analysis, 3 which was limited to comparing rates of parental consanguinity between congenital anomaly and non-congenital anomaly deaths. The odds ratios from their study do not tell us about how important consanguinity is as a risk factor for deaths in children. This would have required linking data on all children in the Born in Bradford cohort to CDOP data. Such linkage would also have informed us of the relative contribution of consanguinity as well as other risk factors, including maternal smoking or age. Even with a nationally standardised dataset, the CDOP data on their own are extremely difficult to interpret without the ability to link the data to a denominator on all children exposed to a particular risk factor.
Administrative data
There is another source of data on child deaths in England. ONS collate data on all child deaths, based on data collected on death certificates. ONS mortality records have been collected nationally since the latter half of the 19 th century, using standardised ICD coding for causes of death since 1911. 14 Apart from causes of death, the death certificate captures dates of death and registration, place of death and residence and socio-economic classification (of the child if aged 17, or of the mother or father if the child is aged 16 years or less). Mortality records from ONS do not require additional resource since death registration is a legal requirement in the UK and data about the death are collected routinely through the civil registration system. The ONS have previously estimated the cost of their production of child mortality statistics as £10,000-£50,000 annually. 15 ONS mortality data are particularly valuable for informing policies to prevent child deaths when linked to other ONS or National Health Service (NHS) datasets that contain information on risk factors for all children born in England. For example, ONS routinely link NHS birth notification, and ONS birth and death records to produce data on infant mortality rates according to birth weight, gestational age and maternal age. 4 NHS Digital routinely link Hospital Episode Statistics (HES-the national hospital database for England 16 ) to death registration and recently also birth registration data. Of particular importance when answering questions about risk factors for child mortality is the ability to develop birth cohorts with either national coverage, or national representativeness, in administrative data to examine risk factors for child deaths. It is also possible to link the baby's record to their mother's in these datasets to determine the role of maternal characteristics and health status on the risk of death in children. 17 We have demonstrated the value of these data for informing policies to prevent child deaths in a number of studies using linked hospital and mortality data. Using such a birth cohort of children born in England, which we compared to a similar Swedish birth cohort, we examined why child mortality is so high in England compared to Sweden. 18 We showed that 77% of differences in neonatal mortality and 68% of post-neonatal mortality could be accounted for by adverse birth characteristics: low birth weight, congenital anomalies and premature birth. These findings provide clear policy direction in terms of how to prevent childhood deaths: support women before and during pregnancy to improve birth outcomes. We have also demonstrated, using a birth cohort from Scotland, that children with chronic conditions are at increased risk of deaths from respiratory tract infection, and to a lesser extent, sudden unexpected deaths. 19 These studies examined mortality in children less than five years old. As further years of hospital and mortality data become available in England, we and others will be able to undertake research to identify risk factors throughout the early life course which increase the risk of death in older children. This is already possible in Scotland, where linked birth registration, death registration and hospital admission data are available for individuals born from the early 1980s onwards.
Linked, administrative data sources therefore provide data on all deaths, and risk factors for all children in the population (that is, children who died and those who did not) at relatively low cost. However, administrative data does not provide the same level of detailed information about the death as a CDOP, Serious Case Review (SCR) 20 , or a coroners' report.
In addition, administrative data have some specific challenges. For example, while ICD10 coding for causes of death may be unreliable 21 we have demonstrated that such challenges can be overcome by linking mortality data to the child's preceding hospital records. By applying this method to mortality record for children who died in England, Scotland and Wales between 2001 and 2010, we were able to establish that 71% of children who died between age 1 and 18 years of age had at least one underlying chronic condition. 22 When we used linked hospital data in combination with cause of death data recorded on death certificates, we found that neurological conditions were the most common type of conditions children died with (present in 38.5% children who died). Had we used the underlying cause of death alone, cancer would have been the most common chronic condition among children who died. This highlights that many of the shortcomings of death registration data can be overcome by linkage to other data sources.
Further, methods to link administrative databases may result in errors. The deterministic linkage methods used by NHS Digital to link hospital records over time have a false match rate of 0.2% (that is, multiple individuals being allocated one ID number), and a missed match rate of 4.1% in children (that is, the same individual being allocated multiple ID numbers). However, sensitivity analyses can be used to evaluate the impact of concerns about linkage error on results, 23 and probabilistic linkage methods can be used to reduce missed match rates.
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What would be the additional value of national CDOP data collection?
With national administrative data already available for research into child deaths and the opportunity to link different administrative data sources for all children in the country, what might be the added value of CDOP data? Ultimately, this very much depends on data quality, the additional data items collected, and the ability to apply standardised definitions (of for example 'modifiable factors') nationally. We suggest that linkage to ONS mortality data or other administrative data sources is absolutely crucial in order to assess CDOP case ascertainment and data standards. For example, it appears from Firth's study that recording of ethnic group in CDOP data is unreliable compared to maternal questionnaires. 3 Linkage to Hospital Episode Statistics and NHS Birth Notification data would allow triangulation of ethnic group information. We also note that although a national CDOP dataset is expected within the next few years, it will take many further years of data collection to allow analyses of time trends in different types of death, or of the proportion of deaths involving less common contributing factors.
One potential advantage may be more timely availability of data. Mortality records in England, particularly for older children, are subject to substantial delays incurred by the need for coroner referrals or inquests. 25 However, since one in four CDOP reviews takes longer than 12 months to complete, 11 timeliness of CDOP reviews currently does not appear to be any better than for ONS mortality records. We have previously shown that indicating whether a death is expected or not would be extremely useful for indicating which deaths are amenable to healthcare intervention. 19 Clinician reporting of deaths to CDOP as expected or unexpected, could therefore be useful for filtering deaths for CDOP investigation and would provide important information that could be linked to death certificates.
Combining analyses of administrative data and detailed in depth reviews
With limited evidence regarding whether CDOPs are leading to reductions in child deaths, we question whether mandated reviews of, and duplicated data collection from, a case series of all child deaths is an efficient use of scarce local authority resources. Others 26 have raised the duplication of effort between CDOPs, SCRs and coroner investigations. Local scrutiny of deaths can provide information on circumstances at the death scene, child care, parental risk factors, and contacts with services that can inform local practices. Routine analyses of linked data and clinician and/or coroner reporting of whether deaths were expected or not can be used to identify cases for more in depth scrutiny by local authorities. Rather than make CDOPs comprehensively review all deaths, CDOPs would provide added value if they focussed on selected deaths that are not also reviewed elsewhere, for example as SCRs. To further reduce duplication of effort, a selective system of death review by local authorities could be combined with reviews in hospital based meetings of deaths in hospital or in children with life-limiting conditions. 8 Selection of deaths requiring CDOP review requires work with Public Health England, NHS Digital and ONS to develop rapid analyses that could identify deaths with minimal delays.
Instead of waiting for a highly expensive CDOP dataset that consumes scarce senior staff time, we suggest maximising the potential of linked administrative datasets for research into, and monitoring of, child deaths. This will involve linkage between further routinely collected data sources, including Census records (which will provide self-reported data on socio-economic position, housing, family resources and health status), stillbirth records (which will allow the study of perinatal mortality), and education data (which can identify education-related risk factors for deaths, such as school performance or absenteeism). The data should also be easier to access for child health researchers and national and local government analysts. In England, linkage between ONS birth and stillbirth registration, death registration and HES data for research purposes currently requires approval by three committees (an NHS Research Ethics Committee, the Confidentiality Advisory Group, and the Independent Group Advising on the Release of Data). In Scotland or Wales, only one committee review is required. A welcome development would therefore be to introduce such a streamlined data application process in England.
A large number of high quality datasets, routinely collected as part of NHS care or local authority business are already available to support policy development to prevent child deaths. Rather than relying on future, costly CDOP data, improved access and use of linked administrative databases will
